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a 

Single transverse spin asymmetry for the pion production in pp and ep collisions is 
studied in the framework of collinear factorization. The soft-gluon pole contributions 
with twist-3 distribution and fragmentation functions are identihed and its characteristic 
features are discussed. 

In this report we discuss the single transverse-spin asymmetry for the pion pro¬ 
duction with large transverse momentum in pp^ —> n{£)X and p^e —> 7T{i)X relevant 
for RHIC-SPIN, HERMES and COMPASS experiments etc. According to the QCD fac¬ 
torization theorem, the polarized cross section for pp^ —>■ nX consists of three twist-3 
contributions: 

(A) Ga{xi,X 2 ) ® qb{x') ® Dc{z) ® Xb^c, 

(B) Sqaix) 0 Eb{x[,X 2 ) ® Dciz) ® 

(C) Sqa{x) 0 qb{x') ® Ec{zi, Z 2 ) ® 

where the functions Ga{xi,X 2 ), Eh{x[,X 2 ) and Ec{zi,Z 2 ) are the twist-3 quantities repre¬ 
senting, respectively, the transversely polarized distribution, the unpolarized distribution, 
and the fragmentation function for the pion. Other functions are twist-2: qb{x') is the 
unpolarized quark or gluon distribution, 6qa{x) is the transversity distribution in p\ and 
Dc{z) is the fragmentation function for the pion. a, b and c stand for the parton’s species, 
sum over which is implied. 6qa, Ejy and Ec are chiral-odd. ^ab^c etc are the partonic 
hard cross section producing large transverse momentum of the pion. Corresponding to 
the above (A) and (C), the polarized cross section for ep^ ttX (hnal electron is not 
detected) receives two twist-3 contributions: 

(A) Ga{Xi,X 2 ) ® Da{z) ® Xa^a, 

{G') 6qa{x) ® Ea{zi, Z 2 ) (8) 

The (A) and (B) contributions for pp^ tiX have been analyzed in [1] and [2], respec¬ 
tively, and it has been shown that (A) gives rise to large d^v at large xp as observed in 
E704, and (B) is negligible in all kinematic region. Here we extend the study to the (C) 
term at RHIC energy and also the asymmetry in ep collision. 

The transversely polarized twist-3 distribution G]p(xi,X 2 ) relevant to Ga in the (A) 
and (A’) terms is given in [2], and the twist-3 fragmentation function E^(zi,Z 2 ) for E^ 
in (C) and (C’) is dehned in [4]. According to a detailed analysis, G^ and Ep contribute 
to the cross section at xi = 0:2 = a; and zi = Z 2 = z, respectively (soft-gluon-pole 
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contribution). In particular, the derivarives {d/dx)Gp{x,x) and {d/dz)Ep{z, z) appear 
in the cross section formula. In the large xp region, i.e. for the production of pion 
in the forward direction of the polarized nucleon, the main contribution comes from 
the large-x and large-region of distribution and fragmentation functions, respectively. 
Since Gp and Ep behaves as Gp{x,x) ~ (1 — xY and Ep{z,z) ~ (1 — z)^' with jS, 
jS' > 0, \{d/dx)G'^{x,x)\ 3> \G'^p{x,x)\, \{d/dz)Ep{z-, z)\ S> \Ep{z-,z)\ at large x and 
; 2 . In particular, the valence component of Gp and Ep dominate in this region. We 
thus keep only the valence quark contribution for the derivative of these soft-gluon pole 
functions (“valence-quark soft-gluon approximation”) for the pp collision. For the ep case, 
we include all the soft-gluon pole contribution. 

In general Aat is a function of S' = (P -|- P'Y — 2P ■ P', T = {P — tY zz —2P ■ i and 
U = {P' — lY — ~2P' • I where P, P' and I are the momenta of unpolarized p (or e). 
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and the pion respectively. In the following we use S, xp = ^ = and ^ 

independent variables. The cross section formula for the (C) term is given in [4]. 


as 




Figure 1. = 20 GeV and ip = 1-5 GeV together with E704 data. 

To estimate the (G) contribution, we introduce a simple model ansatz as Ep{z,z) = 
KaDa{z) with a flavor dependent factor Ka- Assuming that the (G) is the sole origin of 
Apf, KaS are determined to be = —0.11 and = —0.19 so that it can approximately 
reproduce observed in E704 data at \fS = 20 GeV and ^T = 1-5 GeV. We refer 
the readers to [2] for the adopted distribution and fragmentation functions. The result 
for A^Y from the (G) (chiral-odd) term is shown in Eig. 1 in comparison with the (A) 
(chiral-even) contribution. The magnitude of the (A) term in Fig. 1 is also determined 
with the ansatz Gp{x,x) = KYaY) = —K'^ = 0.07) so that it can approximately 
reproduce E704 data by itself. Recall that our valence-quark soft-gluon approximation is 
valid at large xp. Both effects give rise to A^Y similar to the E704 data. The origin of 
the growing Api at large xp is (i) large partonic cross sections (~ 1/P term) and (ii) the 
derivative of the soft-gluon pole functions. 

With the parameters Ka and 77/ hxed, at RHIG energy (v^ = 200 GeV) is shown 
in Fig.2 at Ip = 1-5 GeV. Both (A) and (G) contributions give slightly smaller than the 
STAR data reported at SPIN2002. Fig. 3 shows the 7r-dependence of A^f at v/S = 200 
GeV and xp = 0.6, indicating quite large Ip dependence in both (A) and (G) contributions 
at 1 < p < 4 GeV region, which is typical to the twist-3 effect (~ 0(1/ip)). Polarized 
cross section receives 0{ip/S) contribution as well, so that the A^r tends to become more 
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Figure 2. at ^/S = 200 GeV and ir = 1-5 Figure 3. It dependence of 

GeV. at Vs = 200 GeV and 

xp = 0 . 6 . 


We next discuss the asymmetry for pV 7r{i)X where the hnal electron is not 
observed. In our 0{V) calculation, the exchanged photon remains highly virtual as 
far as the observed tt has a large transverse momentum ip with respect to the ep axis. 
Therefore experimentally one needs to integrates only over those virtual photon events 
> (S'/2)[l — xp/Vx^VV^]) to compare with our formula. 



Figure 4. at VS = 20 GeV and ip = 1.5 GeV. 

Using the twist-3 distribution and fragmentation functions used to describe pp data, we 
show in Fig. 4 corresponding to (A’)(chiral-even) and (G’)(chiral-odd) contributions. 
Remarkable feature of Fig. 3 is that in both chiral-even and chiral-odd contributions 
(i) the sign of is opposite to the sign of and (ii) the magnitnde of A^ is mnch 
larger than that of A^, in particular, at large xp, and it even overshoots one. (In our 
convention, xp > 0 corresponds to the prodnction of tt in the forward hemisphere of the 
initial polarized proton both in pV and p^e case.) The origin of these features can be 
traced back to the color factor in the dominant diagrams for the twist-3 polarized cross 
sections in ep and pp collisions. Of course, the asymmetry can not exceeds one, and 
thus our model estimate needs to be modihed. First, the applied kinematic range of our 
formula should be reconsidered: Apf at ip smaller than a few GeV may not be ascribed 
to the twist-3 effect. Second, our model ansatz of Gp(x, x) ~ q°‘{x) and Ep{z, z) ~ D^-i^z) 
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is not appropriate at x ^ 1 and z ^ 1, respectively. The derivative of these functions, 
which is important for the growing at large xp, eventually leads to divergence of 
at xp ^ 1 as 1/(1 - Xp). 

As a possible remedy to this pathology we tried the following. For the (A) and (A’) 
(chiral-even) contribution, as an example, we have a model Gp{x,x) ~ qa{x) ^x->i (1 — 
where f3u = 3.027 and jSd = 3.774 in the GRV distribution we adopted. Tentatively 
we shifted Pu,d as Pa Pa{x) = Pa + x^, which suppresses the divergence of at xp ^ 1 
but still causes rising behavior of A at at large xp. The result for Apf with this modihcation 
of Gp{x,x) is shown in Fig. 5 (A^), Fig. 6 (A^ at E704 energy) and Fig. 7 (A^ at 
RHIC energy). This avoids overshooting of one in A^ but reduces A^, typically by factor 
2, which makes the deviation from E704 and STAR data larger. A similar modihcation 
of Ep{z, z) in the (C) and (C’) (chiral-odd) contribution also leads to the same change in 
An- 



Figure 5. A^ with a modi- Figure 6. A^ with a modi- Figure 7. A^ with a modi- 
hed Gp. hed Gp at y/S = 20 GeV. hed Gp at y/S = 200 GeV. 


To summarize we have studied the Ajv for pion production in pp and ep collisions. We 
have pointed out that both (A)(chiral-even) and (G)(chiral-odd) ((A’) and (G’) for ep 
collisions) contributions can be equally important sources for the asymmetry. Although 
our approach provides a systematic framework for the large ip production, applicability 
of the formula to the currently available low ip data still needs to be tested, in partic¬ 
ular, detailed comparison of £r-dependence and the global analysis of pp and ep data is 
necessary. 
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